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An Analysis  of Experiment Station
Funding Decisions
Fred C. White and A.  A. Araji
The decision-making process  by which academic departments  within an experiment
station allocate  funds among commodities  is examined.  The decision to conduct
research on some commodities and not on others introduces a problem of censored
dependent variables.  In order to overcome this problem,  a simultaneous  equations
model with selectivity was used; it was applied to data from the Idaho Experiment
Station. The results indicated a simultaneous  relationship  between research funding
levels and expected  benefits. Marginal products of one dollar  in research investment
were  $53.80  for applied research,  $33.60 for basic research,  and $8.49 for
maintenance research.
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The principal objective of the state agricultural
experiment station, as mandated by the Hatch
Act of 1887, is to address the location-specific
problems  of farmers  and  to  build  a  core  of
basic  scientific  knowledge  related  to  agricul-
ture (Kerr). With respect to the underlying con-
flict  between  applied  and basic  research,  the
Hatch Act clearly favored finding solutions to
farmers' immediate problems through applied
research. The conflict over the appropriate mix
of applied  and  basic  research  in  experiment
stations has mounted in recent years with such
developments  as biotechnology.  The focus of
experiment  station  research  also  has  broad-
ened to  account  for  numerous  other  issues,
including environmental  quality,  health,  and
safety  of the  food supply  (Schweikhardt  and
Bonnen).  Hence  the role of the state agricul-
tural experiment station has expanded consid-
erably  since the signing of the Hatch Act.
Previous research efforts in agricultural eco-
nomics which  have  analyzed  agricultural  re-
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search decisions can be categorized into three
broad groups. First, several attempts have been
made at developing frameworks for setting re-
search  priorities  within institutions  (Brazzel;
Fishel).  These  efforts  may  augment  ex  ante
measurements  of benefits with other areas of
interest.  Second, numerous  efforts have been
directed  at measuring  the benefits of agricul-
tural  research  in  ex  post analysis,  primarily
through a production function approach (Rut-
tan  1980).  These efforts  do not directly con-
sider  research  allocation  decisions.  Third,  a
few studies have analyzed the factors contrib-
uting to the allocation of research funds with-
out explicitly  considering benefits of research
(Huffman and Miranowski). This study bridg-
es these various approaches by analyzing a re-
search  allocation  process  while explicitly  ac-
counting  for  ex  ante estimates  of  research
benefits.
The objective of this study is to examine the
allocation  of research funding within an  agri-
cultural experiment station. More specifically,
the  article  develops  a  theoretical  economic
model explaining the relationship between re-
search  funding  and  research  benefits,  identi-
fying the exogenous factors likely to influence
these  variables.  Then the economic  model is
applied  to  experiment  station  data as  a  case
study.
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A Model  of Research  Allocation
Decisions
Explaining  the relationship  between research
benefits and research funding is similar to the
one  addressed  by  Tobin's model  in  which  a
consumer durable is purchased if the consum-
er's desire is high enough. The consumer's de-
sire, which  can be thought of as an indicator
function, is measured by the amount spent on
the durable good. However, no measure of the
desire is obtained if no purchase  is made.  In
this  study  the  socioeconomic-political  pres-
sures, both inside and outside the experiment
station,  calling  for  research  on  a  particular
commodity  can  be  thought  of as  an  unob-
served indicator function which is reflected by
the level of  research expenditures on that com-
modity. On the other hand, no measure of these
socioeconomic-political  pressures is obtained
when no expenditures  are made.
It is recognized  that  each  discipline within
an  experiment  station  may  conduct research
on only a few of the commodities being pro-
duced in the state.  Benefits from  research  ac-
tivities  are expected  to accrue  only  for those
commodities  for which  research  funding  has
been  allocated.  Some  benefits for other com-
modities might have accrued if research relat-
ed to these commodities had been conducted.
However, the decision not to allocate research
expenditures  for some commodities  is based
on  socioeconomic-political  factors.  For  ex-
ample,  the expected  benefits  for some  com-
modities might be less than expected costs of
research.  Hence the simultaneous relationship
between research benefits and research expen-
ditures  involves  a  censored  dependent  vari-
able.
The research allocation model contains two
regimes  described  by  a  set  of simultaneous
equations:
RB  = alRE + Al'X  + Alf  I*
RE = aRB +  2,'X,2  +  i
=  'Z  +  E >  0,
and
RE =  o  otherwise.
RB is present value of expected research ben-
efits; RE is research expenditures; X1,  X2,  and
Z are (possibly overlapping)  sets of exogenous
variables; I* is an unobserved indicator func-
tion;  a, g, and  y are matrices  of coefficients;
and  Ag  and e are  random  residuals  having  a
multivariate normal distribution.
Although I* is unobserved,  it is possible to
characterize  commodities  into those  with re-
search funding and those without funding. The
dummy  variable  I  has a value  of one  when
research expenditures exist and zero when they
do not exist.  I =  1 if I* > 0,  I = 0 otherwise.
The observed  dummy variable  I can be  used
to estimate y by the probit method. The model
thus becomes a simultaneous  equations model
with the selectivity criterion of  the probit type.
Other researchers who have used similar mod-
els  for  different  problems  include  Roberts,
Maddala,  and Enholm and Kenny et al.
The research allocation model is appropriate
for commodity-specific  research conducted by
the various  disciplines  within an experiment
station. The overall model depicted in (1) con-
tains three behavioral  relationships.  The first
of the three  equations  is  a probit  model  ex-
plaining the decision by a disciplinary depart-
ment to conduct research for a particular com-
modity. In the broadest sense, we expect this
decision is influenced by numerous factors in-
cluding  the  relative  importance  of the  com-
modity, the level of  research resources, the per-
sonal interests and expertise of the faculty and
administration,  etc.  The  relative  importance
of the commodity,  as measured by gross cash
receipts, is used to explain the decision wheth-
er  to  invest.  The  number  of scientist-years
available within the discipline is used to reflect
research resources. We expect that an increase
in the number of scientist-years  within a dis-
cipline  would  increase  the  number  of com-
modities  being  researched.  The  interest  and
expertise of the faculty and administration are
not observed and hence cannot be considered.
The level of investment is dependent upon po-
tential benefits and various other factors iden-
tified below.
In the second equation the present value of
research benefits is related to the other endog-
enous variable,  the level of research funding,
and  selected  exogenous  variables  explaining
the type of research being conducted.  The po-
tential benefits of research depend partially on
the value of production  for the commodities.
A given increase  in yield  will have  a greater
impact for an important commodity,  as mea-
sured in terms of cash receipts, than for a less
important commodity. In order to account for
this difference the amount of cash receipts  for
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each commodity is used to explain the present
value of research benefits.  According to Huff-
man and  Miranowski,  the research  of an ex-
periment station is heavily production orient-
ed,  with  applied,  basic,  and  maintenance
research aimed at increasing output directly or
indirectly. Applied, basic, and maintenance re-
search  are  expected  to have  differential  im-
pacts. In the equation for present value of ben-
efits,  applied  research  and  basic  research,  as
percentages of total research expenditures, are
used as exogenous variables in explaining how
different types of research  contribute to ben-
efits. Basic and applied research are compared
to maintenance research, which is omitted from
the model  but implicitly  captured  in the  in-
tercept term.
In the third equation research expenditures
are  hypothesized  to be  affected  by the  char-
acteristics of commodities and disciplines con-
ducting the research.  This equation is formu-
lated as a reduced form for supply and demand
of research.  Hence, there are both supply and
demand factors  in the equation.  The endoge-
nous variable  "research  expenditures"  is  hy-
pothesized  to  be  related  to  the  endogenous
variable  "research  benefits."  More  expendi-
tures are expected to be allocated where ben-
efits are greater.  Farm structure has been pos-
tulated as influencing the level of  public support
for agricultural research in several studies (e.g.,
Huffman and  Miranowski).  Larger  farms are
expected  to effectively  demand  higher  levels
of research funding for those commodities be-
ing produced by the large farms (White). Size
of farm is used  to explain  the  effect of farm
structure  on allocating research expenditures.
While  experiment  station  research  primarily
addresses  location-specific  problems,  there  is
a concern that such research  systems may be
unduly limited in their capacity  to reallocate
scientific  and  financial  resources  from  tradi-
tional areas  of concern to new areas  (Ruttan
1982). In order to test how responsive the ex-
periment station is to changing problems, the
growth  rate in yields  is  considered  as an  ex-
ogenous  variable  in explaining  the allocation
of research  expenditures.  The  rate of growth
in yield reflects the impact of previous research
on  increasing  yield.  If a  commodity  has  al-
ready experienced a large increase in yield, then
less research may be needed in the current pe-
riod.  Thus,  past yield  increases  are hypothe-
sized to have  a negative  impact on  the level
of research expenditures allocated to a partic-
ular  commodity.  The  cost  of conducting  re-
search  per dollar of benefit  may vary by dis-
cipline,  because either  the costs  of inputs  for
crop production  versus livestock  production,
for example, may differ, or the productivity of
such  different  research  activities  may  differ.
Since  the  equation  on  research  expenditures
includes  the research  benefits variable,  there
is  a control  for aggregate  benefits.  However,
dummy variables  for plant sciences and  ani-
mal  sciences  are  used  to  detect  if there  are
significant differences among disciplines in cost
per dollar of benefits.  Disciplines  such as ag-
ricultural engineering  and biotechnology  that
apply to  both animal  and plant sciences  are
captured in the intercept.
Data
All current research projects in the Idaho Ag-
ricultural Experiment Station during 1986-87
were reviewed to determine potential benefits
and  level  of research  expenditures  for  each
project.  An  initial  classification  by  research
problem areas was made. Personal interviews
of all researchers  and extension specialists, in-
cluding Agricultural Research  Service person-
nel, in the Experiment Station were conducted
during fiscal year 1986-87. The interviews were
conducted to determine the initiation and ter-
mination  dates  for each  research project,  the
number of scientists involved (full-time equiv-
alent),  actual time required to achieve the ob-
jective, the probability of research success, the
probability  and  rate  of  adoption,  expected
adoption  time  profile,  the  magnitude  of the
commodities affected by each research project,
research  and extension  resources  required to
implement and maintain the new technology,
research and extension resources used to main-
tain currently applied technology, and costs to
farmers for implementing the research results.
Information  also was obtained on the impact
of the implementation  of the research results
on changes  in yield, quality, and  cost of pro-
duction.
For each  research  project  annual  expendi-
tures from the initiation of the project through
1986  were determined  from Experiment  Sta-
tion records.  A 5%  annual increase in expen-
ditures for years after  1986 was  used to esti-
mate total expenditures for the duration of the
project.  The benefits  to farmers  from  imple-
menting  the  research  results  were  estimated
284  December 1990Experiment Station Funding  285
under prevailing farming conditions. The col-
lective judgment of the principal investigator,
coresearcher,  and the extension specialists in-
volved, based on their past experience and fa-
miliarities with farming conditions in the areas
affected, was used to determine a conservative
estimate  of the  potential  benefits to  farmers
from  implementing  the  research  results.  In
general,  only  60% of the  benefits under con-
trolled experimental conditions were assumed
to be realized under farming  conditions.
Research and extension personnel were asked
to classify their respective project(s) into main-
tenance research, applied research, or basic re-
search.  Research programs classified as main-
tenance research included:  (a) soil conservation
research to reduce the loss of top soil; (b) eco-
nomic research  to analyze the impact of new
technology and price relationships on agricul-
tural sector efficiency  and to develop  agricul-
tural  policies  compatible  with  the  relation-
ships; (c) pest control research for maintaining
present productivity  including surveys  of in-
sect  populations  and  determination  of infes-
tation levels, testing of new pesticides and her-
bicides  to  replace  chemicals  banned  or
scheduled to be banned by the Environmental
Protection  Agency,  and  controlling  pests  on
large  acreages  of rangeland;  and  (d) research
in such areas as cultural practices, disease con-
trol  on  crops  and  livestock,  environmental
stress  to  maintain  yield and quality,  and  in-
formation management.
Research  programs in the  applied  area in-
cluded:  (a) improvement  of conception  rates
and feed efficiency and reduction of livestock
death loss; (b) development  of a coordinated
pest management program that includes selec-
tion of resistant varieties and development of
biological control methods to reduce  reliance
on chemicals;  (c)  development  of a fertilizer
management  system  that will  increase  fertil-
izer  use  efficiency,  improve  product  quality,
and increase yields; (d) design of low-cost ef-
ficient irrigation systems and improvement of
pumping  efficiency;  (e)  development  of me-
chanical  and  biological  methods  to  reduce
postharvest loss; (f)  development of manage-
ment and marketing information  for efficient
resource use in the production and marketing
of agricultural products;  and (g) development
of high yielding varieties and/or varieties that
are resistant to specific pests or environmental
stress.
Research  programs  classified  as  basic  re-
search  included:  (a)  development  of a  gene
marking  system to link  to disease  resistance
and quality that will provide basic information
to plant breeders in the selection of varieties
that are  resistant to specific viruses  or fungi;
(b) research in gene design, embryo physiology,
and growth  regulators to provide animal and
plant breeders with basic information to select
more efficient breeds of animals and breed and
select plant varieties that are high yielding, are
more  vigorous,  require  less  energy,  and  are
resistant to disease and environmental  stress;
(c) bioengineering and biomass conversion re-
search  to utilize  agricultural waste  in the de-
velopment  of protein  supplements,  polyphe-
nols,  and amino acids;  and  (d) identification
of hormones that regulate the feeding and egg-
laying  behaviors  of insects  and  thus the  de-
velopment  of effective  biological  control  of
various  insects on plants and animals.
The probabilities of research success and of
adoption of research results differed by project
within the areas of maintenance  research,  ap-
plied research,  and basic research.  The  prob-
ability  of  success  in  maintenance  research
ranged  between  80%  and  100%  with  proba-
bility of adoption  ranging  between  60%  and
90%.  In the  applied  area,  the  probability  of
research success ranged between 55% and 85%
with probability of adoption ranging between
50% and 75%. For basic research,  the proba-
bility of success ranged between  30% and 55%,
and  probability  of adoption  ranged  between
50% and 75%.
The ex ante model developed by Araji, Sim,
and  Gardner  was  used  to  measure  potential
benefits from the various research projects. The
flow of  benefits from each research project was
estimated and summed for each function using
the following equation:
(2)  jt = Ajt[(APjt,  - Vo)  - AC],
where  Bjt is  the  benefits  accruing  to  the jth
technology  in year  t,  Ajt is  the expected  total
production  affected  by  the jth technology  in
year t,  APjt is the expected change in net pro-
ductivity of the affected crop or livestock due
to the jth new technology  in year  t,  Vt  is the
expected  price  of each unit  of output  of the
affected crop  or livestock in year  t; and  V, =
Vo +  Vo(fAPt),  where fis the price  flexibility
of demand or inverse of the price elasticity of
demand,  V 0 is the price  per  unit in the base
year, ACt is the expected change in production
cost of the affected crop or livestock due to the
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jth new technology  in year t. Farm-level esti-
mates of national price  elasticities of demand
used in this study were from George and King
(pp.  64-66).  Using  national  elasticities  as-
sumes  that  changes  in  productivity  occur
throughout the nation  simultaneously.
Bjt  is  the  maximum  benefit  that  could  be
obtained  from the implementation  of the re-
search findings developed by various research
projects  in the  state  agricultural  experiment
station. However, the outcome Bjt is uncertain
in nature because it depends on the probability
of research  success,  P(S), and  probability  of
adoption,  P(A).  Thus,  the  expected  flow  of
benefits from investments in state agricultural
experiment  station  research  is  estimated  by
equation (3):
(3) E(Bj) =  I  BjtP(At n  St),
t=l
where n is the number  of years  for which the
technology, j, affects production and cost.  The
present value  of the expected flow of benefits
from  the  investments  in  experiment  station
research is obtained by "discounting" the right-
hand side of  equation (3), using an 8%  discount
rate.  The  1986  production  year  was  used as
the base year to calculate  changes in produc-
tivity and costs resulting from the implemen-
tation of research results. The 1983-86 average
price received by farmers was used to calculate
the  flow of benefits.
There  are  17  commodities  and  seven  dis-
ciplines  involved  in  experiment  station  re-
search at Idaho. The estimated present values
of the  expected  flow  of benefits  and  the  re-
search expenditures were classified by different
commodities and different disciplines. The ex-
pected research benefits for a given commodity
were summed over all projects within a given
discipline. Likewise, research expenditures for
a  given  commodity  were  summed  over  all
projects within a given discipline. This process
was  repeated  for applied  research,  basic  re-
search,  and  maintenance  research,  as well as
for the  total  of these  three  categories.  With
seven  disciplines  and  17  commodities,  there
was a potential of 119 observations. However,
no observation  was considered  in which  ani-
mal disciplines researched plants nor plant dis-
ciplines researched animals. Hence, there were
85 observations for the probit model with  56
nonzero values  for research expenditures.
Other  variables  associated  with commodi-
ties used  in the model were  obtained  as  fol-
lows.  Growth  rate in  yield  was  obtained  by
calculating  the average annual growth rate  in
yield of each commodity  for Idaho  only  be-
tween  1970/72 to 1983/85. Farm size was cal-
culated as cash receipts divided by number of
farms for each specific commodity. These data
were found in Idaho  Agricultural  Statistics  1988
(U.S. Department  of Agriculture)  and Census
ofAgriculture 1987 (U.S. Department of Com-
merce). Two dummy variables were created to
identify whether  or not disciplines  affect  the
distribution of research expenditures.  The se-
lected  disciplines  considered  were  plant  sci-
ence and animal science.
The models were estimated in a log-log form
by taking logarithms of all variables with only
positive  values.  This  excluded  the  dummy
variables; the growth in yield variables, which
had some negative values; applied research as
a percentage  of total  research;  and  basic  re-
search  as a percentage  of total research.  The
reason for using a log-log model was to obtain
marginal products of research as in other stud-
ies (e.g.,  Bredahl and Peterson).
Estimation Procedure
Lee,  Maddala,  and  Trost  report  estimation
procedures for simultaneous equations models
with  selectivity.  The  procedure  is  described
briefly here. Consider the reduced-form model
for the first endogenous  variable:
(4) Ylt  = WltXit +  Vit,
where y is the endogenous variable,  ir is a ma-
trix of coefficients,  X*  is  a  set of exogenous
variables, and  v is the error term.  A problem
occurs because
E(vl  I  > 0)= -aolti/l,
where  4 = fy'Z) from the probit model is the
standard normal density and $  = F(y'Z) from
the  probit  model  is  the  cumulative  normal
density. Using results from the probit model,
the reduced-form  model can be rewritten as
(5)  Yit =  7ltX*-  a1ltl/l
" + 
" t,
where r is an error term.  This reduced-form
model can be estimated by least squares.
The estimated procedures for the structural
parameters also must account for the fact that
the expected value of  the original model's error
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term is not zero.  The first structural  equation
can be written as:
(6)  Ylt =  012Y2t + ...  +  PlmYmt  + 7Y1 1XIt
- ,lt4l/i  +  Ilt,
where 4 is an error term. This equation can be
estimated  with  an  instrumental  variables
method by using predicted values from equa-
tion (5).  Let  el  = -o-tii/'i  +  l.t
The two-stage least squares estimator of the





0'  =  [0 12, . ..  lim,  Y711,  U'
rl e =  cov(E,l,),  and
W* = [Y2,  *J3,  *  *  m, Zi,  - /]-
The asymptotic covariance  matrix is
var(I)  =  c2,(W*.'  W*  )-
(8)  - 2 /2( W*T  W*)-
1W*' (8)  - afif  I  1)  I~~~'1
where
(A  - AX,(X'AX)-'X,'A)
*  W*(W*'W*)-  ,
A = diag.[,l
2/l,(l  - 4)],
A  = diag.[Z,'5(,l/4l)  + (o1 /)1)2],  and
a2  =  var(e,).
Empirical Model and Estimation Results
The empirical model is:
(9)  I = f(CR,  SMY),
(10)  RB =  f(RE, AR,  PR, CR), and
(11)  RE = f(RB,  YIELD,  SIZE, DA, DP, CR),
where RB is the present value of benefits (log-
arithm) for research conducted by a discipline
on a particular commodity; RE represents the
research  expenditures  (logarithm) by  a disci-
pline for a particular commodity, I = 1 if RE
>  $0  and 0 otherwise; AR represents  applied
research  as a percentage  of total research  ex-
penditures by a discipline for a particular com-
modity;  BR  denotes  basic research  as  a per-
centage  of total  research  expenditures  by  a
discipline  for  a  particular  commodity;  CR
equals state-level  cash receipts for the partic-
ular commodity;  YIELD is the growth rate in
yield of the particular commodity; SIZE rep-
resents cash receipts from the particular com-
modity per farm;  DA is the dummy  variable
for animal sciences conducting research on the
particular commodity; and DP is the dummy
variable for plant sciences conducting research
on the particular commodity.
Regression results for two approaches-  two-
stage least  squares and  two-stage  probit-are
reported in table  1. While  the two-stage  least
squares  procedure  does not take  into consid-
eration whether research ought to be conduct-
ed on a particular commodity, these results are
presented for comparison purposes. Unlike the
two-stage least squares procedure, the two-stage
probit procedure  takes  into account the deci-
sion of whether or not to conduct research on
a particular commodity.
The probit model is statistically  significant
at the 1%  level, having an F-statistic of 11.83
with two and 82 degrees of freedom. Both cash
receipts  and scientist-years  have positive co-
efficients in the probit equation. Although these
findings were expected,  they have significance
for statistical estimation of the rest of  the mod-
el.  In particular,  these  findings  indicate  that
the two-stage probit model is appropriate rath-
er  than  the  two-stage  least  squares  model.
Comparison of the results from the two models
is  useful for determining  potential bias from
failure to correct the data for selectivity.
In  equation  (10)  of the  two-stage  probit
model the present value of research benefits is
significantly affected by research expenditures,
as hypothesized. With log-log models, the co-
efficients are elasticities, but marginal products
can be calculated by multiplying the elasticity
by the ratio of average present value of benefits
to average research expenditures. The two-stage
probit coefficient  of research expenditures in-
dicates that each dollar investment in research
generates $8.49 in benefits. In comparison, the
two-stage least squares estimate indicates that
each dollar of  investment in research generates
$4.95 in benefits. Relative to the probit model,
the two-stage  least squares  procedure  under-
estimates the benefits from research by $3.54
or 42%. These empirical estimates are similar
in magnitude to previous estimates. Griliches
estimated the marginal product of agricultural
research and extension to be $13.  Bredahl and
Peterson estimated the marginal products for
various commodities as: $14.09 for cash grains,
$19.58 for poultry, $25.93 for dairy, and $41.76
for livestock.  Lyu,  White,  and  Lu estimated
the marginal product of  research for the Moun-
tain Region to be $12.45.
As expected,  the present value  of research
benefits has a positive and statistically  signif-
icant influence on the level of research expen-
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Table  1.  Regression  Results  Explaining Research  Benefits  and Expenditures
Two-Stage
Least  Two-Stage
Variablesa  Means  Squaresb  Probitb
(9)  Probit Model with the Dependent Variable Expendi-
tures Equal to  1 if Research >$0 and 0 Otherwise
Intercept
Cash Receipts  (logarithm)
Scientist-years  (logarithm)
(10)  Dependent  Variable:  Present Value of Benefits
(logarithm)
Intercept
Research  Expenditures (logarithm)
Applied Research  Expenditures as a Percentage of
Total Research  Expenditures
Basic  Research Expenditures  as a Percentage  of
Total Research  Expenditures
Cash Receipts  (logarithm)
-^  c
(11)  Dependent  Variable:  Research  Expenditures
(logarithm)
Intercept
Present Value of Benefits (logarithm)
Farm Size (logarithm)
Growth Rate in Yield























































































a  (9),  (10), and (11)  refer to the equations so numbered in the text.
b Numbers in parentheses are standard  errors.
c  The correction  factor from  the probit model includes ¢, the standard normal density,  and $,  the cumulative normal density.
Note:  Single asterisk indicates  significant at  .10 level; double asterisk indicates  significant  at .05  level.
ditures [equation  (11),  table  1].  The marginal
effects of research benefits on research expen-
ditures  can  be  measured  by  multiplying  the
elasticity  coefficients  in equation  (11)  by  the
ratio  of average  benefits  to  average  research
expenditures. From the two-stage probit mod-
el,  each  dollar  of expected  benefits  accounts
for  an  additional  4.1¢  of research  expendi-
tures.  In  comparison,  the  two-stage  least
squares  estimate  indicates  each  dollar of ex-
pected benefits accounts for an additional 4.5¢
of research expenditures.  The  two-stage  least
squares procedures  overestimates the effect of
research benefits relative  to the probit results
by .4A or 9%.
Other  results  from  the  two-stage  probit
model indicate the following.  The differences
in benefits  from  applied,  basic,  and  mainte-
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nance research are statistically significant. Ap-
plied research yields  the greatest  returns  fol-
lowed by basic and then maintenance research.
Marginal products of research expenditures are
$53.80  for applied research,  $33.60  for basic
research,  and $8.49 for maintenance  research.
Also, the  differences in research costs for an-
imal and plant sciences are statistically signif-
icant, with plant science research more costly
than animal science research. Cash receipts and
growth rate in yields are statistically significant.
The farm  size variable  is not statistically  sig-
nificant, indicating that experiment  station al-
location decisions are  not influenced  by con-
centration  of  production  and  hence  farm
structure.
Conclusions
The decision-making processes by which  dis-
ciplinary  departments  within  an  experiment
station allocate research funds were examined.
A model was developed to account for the fact
that departments  conduct research  only on a
limited number of  commodities at a time. Such
an  approach  is  reasonable  considering  that
funding and number of faculty are limited.
The decision to conduct  research on  some
commodities  and not on others introduces  a
problem of censored  dependent variables.  In
order  to  overcome  this  problem  a  simulta-
neous  equations  model  with  selectivity  was
proposed.  The  model  was  estimated  with  a
two-stage probit procedure. These results were
compared to those from two-stage least squares
to measure the degree of bias that could arise
from failure to account for selectivity. The bias
appeared to be important, ranging from 9% to
42% for the major variables in this study.
Marginal products of one dollar in research
investment were $53.80  for applied  research,
$33.60 for basic research, and $8.49 for main-
tenance research.  Each dollar of research ben-
efits  accounted  for 4.1¢  of research expendi-
tures.  There  were  statistically  significant
differences between the returns to applied and
basic research, with the returns higher for ap-
plied than basic in this instance.  Returns  for
both applied  and basic research  were statisti-
cally higher  than the returns to maintenance
research.
[Received May 1989; final revision
received May 1990.]
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